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^ (57) Abstract: A method for directly producing a desired oxide nanostructure without electrolyzing the objective oxide is disclosed 
^ A nanostracture with structure resistance and various useful uses of such a nanostructure are also disclosed. A template composed 
^ of an oxide and having a nanostructure is immersed into a solution wherein fluoride complex ions exist. The fluoride complex ions 
^f^ contain metal element of the objective oxide which is at least one element selected from the group consisting of transition elements, 
^ group lA elements, group IIA elements, group IHB elements, group IVB elements, group VB elements and group VIB elements. 
The oxide in the template is substituted with the objective oxide by adjusting reaction conditions. 
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»3 . * fc^ :^ / #1- fi. i-J ^-jvr t:^m X^fzJmo). a^J^s i 0 ~ 5 
A+B-»C 

^.^^SiStC^SVNT. mc©^^^^icf*. [C]/ ([A][B]) X^m.m^Mo 

Lxfj:^tirch<Dx\ m^ytm. lAmynm. iiAmj^m. uiBmium. imm 

fcoT. yyitmi^^^:iriy^m]mm^£^m7cmxh'oX, myyimm^(D 

Xh^t^hs ±IBg6^^»fiM#7c*. lAmytM. UAmTtM. lllBmjtm- 
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15 ±l3^fb^O-^/«3S^{i±l5M#5cm> lAglTC^. IIAJ^TU^. IIIBi^5u 

20 ^5t*Ji(^A#^fy t UTs T i O /^^-;^T s n O 

LT. Au^ Ag, P t2^tJfCu;&^bi^^'5l¥2)*f)Mf^H5iJJ>Jfc< it>la^^^ 
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5 mim-r j mw^\-t. mmm. mmw^ -c^mmmz. ^ ^ . 
^mi-y^-/i^TUy(, m\:Mi!-ry^^-;vTv^^ mtm-r/^-zurv^ ti- 

^'^b^^i-ytf^-*5V^T«. o~5 0 0 nm-Cfc5fcat>. MI'S j; 5 
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T> ^Sa^^bT/^^-^O^^^ji^ (Al jOa+l 2F-+1 2H+-*2HaA 
IFB+3H2O) it)i6«lil«0^ffiS:jES: (MF6^-+2H20*M02+4 
HF+2F-) (Dm&^iz^<'r^^tX\ :!l^-/V*t-C«3&<. Rfe^^OSIflitl 

T> (H3BO3) . T/i^^=^^J>.m^j:^^^i-^^ti>^iS-^L\,\ 
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^ fete, ^imvtci-y n y KT w ^n^ti^^nf ufc^^n 

IKWm. llKm^M. IIIBii^^*, IVB2^^^, 
VB fcfiVI B l^TD^T-fe o Ts 37 5/ fbtim^ Rrtl3^£;^JS5D 

TK^tiOifB^ i>S-:y\t 0 . l m m o 1 / 1 m±O^S-Cfc 5 

±IB:7iy{ki^^^iis:^;a-:/tt> ^rMF,,''- ({i.U Self's M{i]1^5c^. lA 
Wt^s IIIB;^5c^, IVBi^l5nm. VBi^5n*^fcfiVIBi^7n^>lr. 

I^NFJ^iifTi-5i:®^3tu5c uyt;OSoT> e6*?^fbife;55. ilB^tf'T'^ 5"fb«fe 
MF6^~+2H20 * M02+4HF+2F- 
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(MF6^"+4H20 * M (OH) 4+4HF+2F-, 

M (OH) 4->M02+2H20) 

Al 2O3+I 2F"+1 2H+-*2HaAl Fe+SHgO 

±MSM^UJ^>\-t-x%B.y. oX:t^h 8 o°c> ut. b< \-t^x:f)>h 4 ox:(Dmmx' 

iLT. m\Lr;\-^:=-^2^fs^mfhfi^o \.itti^x. ^?^mxti. mmtim 
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mL<i-i^nmiti^y^yv ®4 (b) ) t:^0rr^m^fts m 

5 firr^-lfX^— M 0 1 \dm\^^7lL 10 2 355— ;^©HlcjS:d5oTV>S^^«|X*&o 

( c ) ©SJB&ifffiiajC^i- J; 5 l-x yT'V— M 0 5 <D— ^^(DffiM^ 2 0 0 n 
m©?Ll 0 eSr^U fi!i;^<^®«:E@2 Onm©?Ll 0 7 Sr#i-5#at-efcoT 
10 %j:v\ 

*fc. mL¥tmm-r / ^--)vr\y^ (om^^\c.i&\^x\±^ a? (a) 
<«ia7 (b) \z.m-^bfmm:w.\^fz.'Ti^-:r\^^Y^i^mir-b, mi (a) 

• (b) 06 (a) RtJ«|ll6 (b) (Dx^/T'U- hO-ett-e^VtSai 

2 0 SSrSaUfctf^-CfeSo 

MU lSllff5~2 5 0V-CiiP^10~5 0 0nmi:^j:5o Sfc 
20 1 20 ~250 VTilf|^^ffiV^-5o 

z.^x^ i^mmm^'^. m^wk^. um^w^. m'mm^hx. 

WrniMM^ : 1 0 0W:6^f5 5 0 OWlCt 1 :5)^ft^;6^b 3 05>^1l3^IS^Rg|*i-5o 
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min^m^i^ : 1 0 owi)^^ 5 0 owi^x i^mib^h 3 o^mmM^^wMir^, 

1) TiOas ZnO, SnOg^ S i Ogtfcft-eojl-a^^, t>U<{t^nb 

2) ±|3:^y5i^^-/^TWO»^fi. ^l^lCAg. P tS.t)«C um^^56^6>^ 
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5) Ti02^ ZnO. SnO^i^tzn^om'^i^fcii^flbom'^mitmi)^ 

6) V205^ ^ySifiT i Ozd^fe^c!?. •:^/J^^-/^o^riiTL:^s^^?J'^< ifcS Om 

7) ZnO^ *fcfiT i Od^fejfetJs ■^/5j^-/KDKii7L;55/{?;5j< 1 1> 5 0 

8) ZnO. TiOa. S n02^ Fe203^ *^c{iZ r 02^='e>^t n -tJits— 
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25 L> T^^i^ btbd^ 1 0 0 J^±-efe^-^/ x}N-/KD:»ii7L36sm5yt{z:^atT/i5 

10) SnOit^^fi^. i-J-^—;\^(OWB'^ii^'>tS:<th^0tiTa^±.(O^^ 



wo 2004/057064 PCT/JP2003/01S961 

12 

tr^U r:^-<i7 ^Jt:^Sl 0 0£j^±r-fe5'^y*-/i-©M@jFL;6S^lc^tT 
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13) T i 02>5^e)^j:»?x •:^/x^^-/K^fra7L;55/^>/j;< i:,|j5 0;:met±<Dft$ 
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1 6) A 1 ^0 ^^^'(Dm.WMii-hfSi'O . -TJit^-Jl^COnWLIi^'MK <t 'Jj 5 0 
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^i^^-mm\^M^xtffjm\^^^mmmm-^H^x^^o ^LfiKja*), mrn^^^ 

y(/\^:^^^ts±X(omm^±^<Dm^ii^^mti:y>(yU'$' V y^v:^7-J^h-t^ r 
ht^X^^. -kft. i-/4^-/\^TU-{(DK^tt^m^^/i-:^(Dm^i^hMVX\f^ 

xh^mxh^o 

1 7) 5«::MOb ({aU MttZr, Fe, Ni, Ti. *fc«S i -CfcSo b 

7ie< itjSO/xm^^Jiioft^^WU t:^^j^ hiti)^ioou±xh^-r/t^- 

/i^(DMMlli!}^^m^MmLXts:^i-y^-/UTV'^Xh^X^ L i aOSr&^L 

18) S:: L i.MOb (mU Mf±Zr, Fe. Ni, T i. t.fztiS i "Cfe 

^'i-T Wf4C02@^«-!|S|.^: Lxmmxh^o 

19) FezOatZrOg, FeaOa^TiOj. FegOaiiSnOa. F e 3O 
4iZr02, Fe 304i:Ti02> F. e 3O4 <h S n 02<^V^-ftt;6>— ffi^(^j^:Sr 
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t:^^^ }>iti>^i oosx±x^h^i-y:ts-/^^(Dnmiii!)^imKMmi^x 
5 ii) mmm^m'r/its-/vri-^ 

2 0) Ti02^ ZnO> SnOgx S i OzyJit^com^k^. ^\.<\t^flh<0 
TW<^#a'fis miK^#3|s|-i t-CW^-CfeSo J!SV^Wi«fflSfS:#i-5 

2 1) TiOz, ZnO. SnOa. S i 02Xft^<^^^> feb<fi^tlP>0 

15 ^■^^^^tx-^m:^>^m%fm.mmt\^x^mfih<Dtfi:^o 

2 2) TiOa. JUitS iOit^htiiy), "^y *;~>'W;OWj:< i t> 1 MmeA±<7) 

20 J^^i-y:^-;i-ru^ tLX^MXh^o #(v:. Ag^#<fii^$^?,ii:d5X- 
2 3) TiOa^ ZnO^ SnOas X«S i 02;6=»6)^jJ l3 s i~/ ^—/Ui>^iP'f3:< 

25 if i-S ;i t te: J: I? ^;t^/v^'-ffil«MM-:^ / /In-zi^T t Lxmxh^o 

2 4) Ti02. ZnO. S n.O^t.fcJit^CDU'^mt.fctt^fl^CDm^m^^ 



wo 2004/057064 PCT/JP2003y015961 

15 

2 5) VzOgx XflT i 02:i)*6)5fe!3x 2}N->rwiSA>fj; < 1 ;i met±(D:ft 
2 6) ZnO. XftT i Od^b3fe?)> ■:^/^^:'-/^*s^>>^j:< % 1 /imiJJl±<D:S$ 
2 7) ZnO, TiOax SnOgs FeaOgs XftZ r 02;&^6>^^ "3 > -rjH^— 

2 8) TiO, TiOa. ZnOs S n O 2^fcfi^(Dig-a'ti;6*fe^^ 0 . 

iimm±\^^m!^$mLxfj:^mmi-y tj^-^wt v>r ^:^±i^i—mi'/ 
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3 0) TiO. Ti02^ ZnO. S nO 2t.fci-i^(0^Mi^mi)^bti^ s i-Zt^ 

10 m^mm t Lx<Dm^^nfc't^ r t t^x^ 5„ 

3 2) T i Oz^i^b^it?. •^y7jN-;U»;^^<it)lMin^±<^:B:$Sr^U T 
3 3) S;:MOb (<i.U MfiZr, Fe, Ni. T XfiS i ) 

h^x, L i 20^W^\.fzMP(\tC02mW^Prb \^x^mxh^, 

3 4) ^ : L i ,MOb MfiZ r , F e , N i . T i ^ XttS i •T?fc5o 

35) Fe^03tZr02^ FegOgirTiOg^ F e 2O3 t S n02<^V^-fJ^ 
iii) o s/ K 

3 6) Ti02> ZnO, SnOj. S i OzXti^roii-a-i^, 1j L< 

^■B-mitm^^^H 'Os i-yn^y Vm^<i^^ti: <thlii m&.±<D^^ SrW T;^ 
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3 7) TiOzx ZnO> SnOg, S i O^yJit^om,-^!^. h\^<\±'tflh(D 
m.'^imf)^ ^ta^, ^Jxiy Yt%rpti <h\i\ix -ax^lSO^ ^ Ty^^ 

3 8) TiOa^ ZnO. SnOj, S i 02X(4^<^)ii-a-t>s 1> t < (t^^X © 
^%mcmii-- h^l'O. i-Jny Vb^{^tji <b^lii in^±(^ft ^ t:^ T;^-< 

-So 

iv) isfbi^-:?-/ mm-Ty^m 

10nm~5 0 0nm©E^^WU T:^^i5' Mt}^? 5fii±-C$>5:?-y Jj^ 

m^m^m-ry^^m&i-:?} :ibx. j: 19 mmxiEWimf^mmmnx^ 60 

20 4 0 ) A 1 2 O 3 U^<Dmtmt^ t) s / >J^-/^;6S/>;^j^ < thl nm&.±(D 



wo 2004/057064 PCT/JP2003/015961 

18 

1 0nin~5 0 Onm©il[gS:5^U Ty^^^ hitt^5Sk±X*h^i-/^ 

1 0 nm~ 5 0 0 nm 

^^t-^^x^^<Dx\ ^my'^Uy^commuwjihmz^my^/i^^-^t lx 
mmta-r/mmi^^mmir^ ^ t a^x^ s. 

m 1 It. mumitTji^^ i-oi-ymi^(DWtmmxh^, 

1^4 (a) tmimi-yn-y}tTu^(om&mxhy)s (b) fissssriabfc 

■:^y n y }^(DmMmxh^o 

me (a) ~ (c) fi, :i^mm\m^mtm-tyts-/uTiy^. mm-ryn 

0 7 (a) , (b) ft, ;*:^|gf^'^S^S^#®J»•:^y4^>-y^TW(^l^lit;^ 

ins (a) ~ (d) fi, S^g#^^bi^•:^y7^^-/^TW<D|g5tX@$^^Lfe^lE 
;g^liI-CfeSo 
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^9 (a) ~ (e) tt. m^(Om,^^m-Vh^o 

<oWs.^Mxh^o 

^ 1 6 -^-(^ xi^(om^mx-^^o 
15 0 1 9 fi. s n o 2:^y *-/i'r o^SMmi=^mi^ ( s em) m^^T- 

^ 2 0 (t, T i O 2-^/ ilr^-)Vr l^^OS EMM^^X'fcSc 

02 1ft, z r o zi-y Tj^-yvr s EMli^^-efes, 

02 2(4, F eOOH"^/^-/l'TW©SEMM^^-e*)5o 
20 0 2 3 ft, Z n 0<D-^y 7j>-/wr U^(OS EMM^^T-feSo 

0 2 4ft, SM#T i O ^-/WT W S EM^^^-Cfc^o 

02 5ft, itJE3|iJSrii^$*-fJ::f^^$ti:fcS n02-^/ny KOSEM®^ 

02 6ft, m^l^U'^^'tXiP^^^fcSnOii-yuy K^SEMM^^ 
25 Xh^o 

02 7ft, }tlE^lSr^S^$-&i"(z:#fife$HfcT i Oz-^/ n 5/ K© S EMlg^ 
02 8ft, iSJ^J^jg-e-^ Wt::f^^$HfcZ n 0-:J-y n ^> S EMg^^fe 
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|g2 9(t. T i 02-:^/^<^SEM^S^#^T'fe5o 

(1) xvyw-^©f^fife 

Tyzfi^^h^^^-t^^tt^x^ (El 8 (c) ) . ^(oy^yzru-h^TWM 

mKm^^^tx^ms^i\:T/\^Ki-i^n^mmiixm.^u ms (d) 

(2) 7 5/»^iflc-i';^^7K^oPM 
n^t^^^mtr^tt^y^fl^i^^^O. Im mo 1/1~0. Smo 1 

1) (NH4) 2MF6 aau ^aM^4mt\^x^%vtLm(D-m^x\ ^'p. 

MflS=^7C^x lAi^TC*. IIA]^5c^s niB;^5n^^ IVB1^7C^> VBl^TD^ 

2) NH4F-HF 1. Omo l/UCMOOH ({aU jS;f:±M^ 3 flii i LX 
t^^^tfci:t<D-^^-C\ Mitm^Tum. IA;^5c^> IIAi^TC^. IIIBt^TC^. 
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(3> tt^KJ5& 

(a)JC^7':/7'V— M Q^W^itT/u^i-) 0?L2(D4'}'PMMA (Pol 
ymethylmethacrylate (t^V ;^ ^/I'P* jJ' jf P ) ^(D 

^^«?Wi- (0 9(c)) o %5-«S«)ifi-S4fe|f 1 l^i^LTi|g^?Lfc^{C 
(il!9(d)) . PMMAl 2 5|r:^^-t5 (1^9 (e) ) ^ txn&^ tir^mim 

:^mmim^fSim.m\^i:6t. -o©xmTBI9(a)©^^fi|j6^fe0 

MF6^"+2H20 ^ M02 + 4HF+2F~ 

MF6^"+4H20 * M(OH)4+4HF+2F-. 

M(OH)4-^M02+ 2H2O 

A 1 2O3+ 1 2 F-+ 1 2H+-^2H3A 1 F6+ SHaO 
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(4) ^mru 

(5) 

^S:tti«o (2) ^<^m^«s ^#flsT'fe5T i 02lc-f«^<^«jU m«iJc 
25 m^b$^> :io (1) ~ (3) <DT.U^m^T&i-^t\z 
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^ii(omm^mMmt:oi-f:s>:Lt\^^^x. ^a^p^kcm^mm^a^'r*^. 
i&mt) ^^^^^^ ^tt^x^^o 

^mi^i^ux^^o mtmi-y^-/^T)^^(ommtLx\t^ ^<j}^^uxt^\^^ 
^m^^znoamimxh^iiK t i 02^<o^<o^<omihm^^^f^xh% 
mLft4tm^x^mm^n.%^mm^x^fif£. igv^^4tg%#5:: t*5-et 
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